EP 3 037 873 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen

des brevets (11) EP 3 037 873 A1
(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.:
29.06.2016 Bulletin 2016/26 GO2F 1/1333 (2006.01) GO2F 1/1362(2006.01)

(21) Application number: 15202450.1

(22) Date of filing: 23.12.2015

GO1L 1/20 (2006.07) GO1B 7/16 (2006.07)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(30) Priority: 26.12.2014 KR 20140191063
28.08.2015 KR 20150121967

(71) Applicant: LG Display Co., Ltd.
Seoul 150-721 (KR)

(72) Inventors:
* YANG, HeeSeok
425-902 Ansan-si, Gyeonggi-do (KR)
* KIM, DongYoon
413-810 Paju-si, Gyeonggi-do (KR)

(74) Representative: Viering, Jentschura & Partner
mbB
Patent- und Rechtsanwailte
Am Brauhaus 8
01099 Dresden (DE)

(54) DISPLAY DEVICE COMPRISING BENDING SENSOR

(57)  Adisplay device (100) including a bending sen-
sor (120) is provided. A display device including a bend-
ing sensor (120) may include a flexible substrate (110)
including a display area (DA) and a bezel area (ZA) sur-
rounding the display area (DA); and the bending sensor
(120) including a curved unit (121) disposed in the bezel
area (ZA) and in which an electric change occurs when
the flexible substrate (110) is bent, and a detection unit
detecting bending information by sensing the electric
change.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority of Korean
Patent Application No. 10-2014-0191063 filed on De-
cember 26, 2014 and the priority of Korean Patent Ap-
plication No. 10-2015-0121967 filed on August 28, 2015,
in the Korean Intellectual Property Office, the disclosure
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present disclosure relates to a display de-
vice including a bending sensor, and more particularly,
to a display device including a bending sensor having a
curved unit in which an electric change occurs when a
flexible substrate is bent, and a detection unit which is
configured to sense the electric change and detect bend-
ing information.

Description of the Related Art

[0003] A flexible display device is manufactured to be
able to display images even when it is bent like a paper
by forming a display unit, wirings, and the like on a sub-
strate formed of a material having flexibility such as plas-
tic. In recent years, the flexible display device has re-
ceived attention as a next-generation display device. The
flexible display device has been applied to various fields
including personal portable devices as well as computer
monitors and TVs. Further, there have been conducted
studies on the flexible display device having a reduced
volume and weight with a large display area.

[0004] Meanwhile, there has been a demand for sens-
ing a degree of a user’s bending or folding of the flexible
display device. When the user bends or folds the flexible
display device, images of the flexible display device may
be distorted. Therefore, it is very important to sense a
degree of bending or folding of the flexible display device
and correct images displayed on the flexible display de-
vice accordingly. Accordingly, there have been conduct-
ed studies on a method for manufacturing the flexible
display device by attaching a separately manufactured
bending sensor to the flexible display device. However,
since the bending sensor is manufactured separately
from the flexible display device, the total manufacturing
cost may be increased. Further, since the separate bend-
ing sensor is attached to the flexible display device, thick-
ness of the flexible display device may be increased.
Therefore, such a technique of separately attaching the
bending sensor to the flexible display device does not
conform to the recent trend of providing a slim display
device.
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SUMMARY

[0005] Accordingly, the presentinvention is directed to
a display device having a bending sensor that substan-
tially obviates one or more of the problems due to limita-
tions and disadvantages of the related art.

[0006] An object of the present invention is to provide
a display device including a bending sensor.

[0007] Anotherobjectof the presentinvention is to pro-
vide a bending sensor thatis manufactured during a man-
ufacturing process of the display device in order to solve
the problems occurring when it is manufactured sepa-
rately from a flexible display device.

[0008] Anotherobjectof the presentinvention is to pro-
vide a display device including a bending sensor which
can be formed together with a thin film transistor or a
display element of the display device during a manufac-
turing process of the thin film transistor or the display
element.

[0009] Additional features and advantages of the in-
vention will be set forth in the description which follows,
and in part will be apparent from the description, or may
be learned by practice of the invention. The objectives
and other advantages of the invention will be realized
and attained by the structure particularly pointed out in
the written description and claims hereof as well as the
appended drawings.

[0010] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a display device com-
prises a flexible substrate including a display area and a
bezel area surrounding the display area; and a bending
sensor including a curved unit disposed in the bezel area
and in which an electric change occurs when the flexible
substrate is bent, and a detection unitconfigured to detect
bending information by sensing the electric change.
[0011] The curved unit may include wirings respective-
ly extended in different directions in order to disperse a
force applied during bending.

[0012] Thecurvedunitmayinclude two or more electric
wires having a plurality of diamond shape wires connect-
ed to each otherin a column, and the two or more electric
wires may be parallel to each other.

[0013] The two or more electric wires may be disposed
such that the diamond shape wires cross each other in
a zigzag pattern.

[0014] Thecurvedunitmayinclude two or more electric
wires having a plurality of circular shape wires connected
to each other in a column, and the two or more electric
wires may be parallel to each other.

[0015] The curved unit may include a first curved unit
disposed on one side of a neutral plane which is not ap-
plied with a stress during bending since a force is can-
celed, and a second curved unitdisposed on the opposite
side of the neutral plane. One of the first curved unit and
the second curved unit may be configured to be applied
with a tensile force and the other one may be configured
to be applied with a compressive force when the curved
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unit is bent.

[0016] The display device may further comprise a first
insulating layer disposed between the first curved unit
and the second curved unit; and asecond insulating layer
disposed on the second curved unit. The neutral plane
may be in the first insulating layer.

[0017] The display device may further comprise a first
insulating layer disposed on the first curved unit; and a
second insulating layer disposed on the second curved
unit and having thickness different from that of the first
insulating layer. The first curved unit may be disposed
on one side of the flexible substrate and the second
curved unit may be disposed on the opposite side facing
the one side, and the first curved unit and the second
curved unit may be on the same layer.

[0018] The display device may further comprise a first
insulating layer disposed on one side of the flexible sub-
strate and on the opposite side facing the one side, dis-
posed on the first curved unit, and disposed under the
second curved unit; and a second insulating layer dis-
posed on the second curved unit. The first curved unit
may be disposed on one side of the flexible substrate
and the second curved unit may be disposed on the op-
posite side facing the one side, and the first curved unit
and the second curved unit may be on different layers.
[0019] Thebending sensor may furtherinclude a wiring
part connecting the curved unit and the detection unit.
The curved unit and the wiring part may be positioned
on at least one side of the flexible substrate. The wiring
part may be positioned in a non-bending area and the
curved unit may be positioned in a bending area.
[0020] The bending area may include both a part of
the bezel area and a part of the display area, or include
a part of the bezel area but not the display area.

[0021] The detection unit may be configured to sense
the electric change occurring in the curved unit during
bending, compare the electric change with an electric
change value depending on a bending direction and a
bending angle stored in amemory, and calculate a bend-
ing direction and a bending angle of the display device.
[0022] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:

FIG. 1 is a plan view provided to describe a display
device according to an example embodiment of the
present disclosure;

FIG. 2 is a cross-sectional view taken along a line Il-
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II" of FIG. 1 and provided to describe the display de-
vice according to an example embodiment of the
present disclosure;

FIG. 3 is a circuit diagram provided to describe a
sensing principle of a bending sensor according to
an example embodiment of the present disclosure;
FIG. 4 is a plan view provided to describe a display
device according to another example embodiment
of the present disclosure;

FIG. 5 is a plan view provided to describe a display
device according to still another example embodi-
ment of the present disclosure;

FIG. 6 is a plan view provided to describe a display
device according to still another example embodi-
ment of the present disclosure;

FIG. 7 is a plan view provided to describe a display
device according to still another example embodi-
ment of the present disclosure;

FIG. 8 is a plan view provided to describe a display
device according to still another example embodi-
ment of the present disclosure;

FIG. 9 is a cross-sectional view taken along a line
IX-1X" of FIG. 8 and provided to describe the display
device according to still another example embodi-
ment of the present disclosure;

FIG. 10 is a table provided to describe an operation
principle of a bending sensor of a display device ac-
cording to still another example embodiment of the
present disclosure;

FIG. 11 is a cross-sectional view provided to de-
scribe a display device according to still another ex-
ample embodiment of the present disclosure;

FIG. 12 is a plan view provided to describe a display
device according to still another example embodi-
ment of the present disclosure;

FIG. 13 is a cross-sectional view taken along a line
XII -XIII" of FIG. 12 and provided to describe the
display device according to stillanother example em-
bodiment of the present disclosure; and

FIG. 14 is a cross-sectional view provided to de-
scribe a display device according to still another ex-
ample embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

[0024] Advantages and features of the present disclo-
sure, and methods for accomplishing the same will be
more clearly understood from example embodiments de-
scribed below with reference to the accompanying draw-
ings. However, the present disclosure is not limited to
the following example embodiments but may be imple-
mented in various different forms. The example embod-
iments are provided only to complete disclosure of the
present disclosure and to fully provide a person having
ordinary skill in the art to which the present disclosure
pertains with the category of the disclosure, and the
present disclosure will be defined by the appended
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claims.

[0025] Theshapes,sizes, ratios, angles, numbers, and
the like illustrated in the accompanying drawings for de-
scribing the example embodiments of the present disclo-
sure are merely examples, and the present disclosure is
not limited thereto. Like reference numerals generally de-
note like elements throughout the present specification.
Further, in the following description, a detailed explana-
tion of known related technologies may be omitted to
avoid unnecessarily obscuring the subject matter of the
present disclosure. The terms such as "including," "hav-
ing," and "consist of" used herein are generally intended
to allow other components to be added unless the terms
are used with the term "only". Any references to singular
may include plural unless expressly stated otherwise.
[0026] Components are interpreted to include an ordi-
nary error range even if not expressly stated.

[0027] When the position relation between two parts
is described using the terms such as "on", "above", "be-
low", and "next", one or more parts may be positioned
between the two parts unless the terms are used with
the term "immediately" or "directly".

[0028] Whenanelementorlayeris referred to as being
"on" another element or layer, it may be directly on the
other element or layer, or intervening elements or layers
may be present.

[0029] Although the terms "first", "second", and the like
are used for describing various components, these com-
ponents are not confined by these terms. These terms
are merely used for distinguishing one component from
the other components. Therefore, a first component to
be mentioned below may be a second component in a
technical concept of the present disclosure.

[0030] Throughout the whole specification, the same
reference numerals denote the same elements.

[0031] Since size and thickness of each component
illustrated in the drawings are represented for conven-
ience in explanation, the present disclosure is not nec-
essarily limited to the illustrated size and thickness of
each component.

[0032] The features of various embodiments of the
present disclosure can be partially or entirely bonded to
or combined with each other and can be interlocked and
operated in technically various ways as can be fully un-
derstood by a person having ordinary skill in the art, and
the embodiments can be carried out independently of or
in association with each other.

[0033] Hereinafter, various example embodiments of
the present disclosure will be described in detail with ref-
erence to the accompanying drawings.

[0034] FIG. 1is a plan view provided to describe a dis-
play device according to an example embodiment of the
presentdisclosure. FIG. 2is a cross-sectional view taken
along a line II-1I" of FIG. 1 and provided to describe the
display device according to an example embodiment of
the present disclosure.

[0035] As illustrated in FIG. 1 and FIG. 2, a display
device 100 includes a flexible substrate 110, a thin film
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transistor 130, a display element 140, and a bending sen-
sor 120. For convenience in explanation, FIG. 2 illus-
trates only one thin film transistor 130 and only one dis-
play element 140.

[0036] The flexible substrate 110 is configured to sup-
port and protect various elements of the display device
100. The flexible substrate 110 may be formed of an in-
sulating material having flexibility. For example, the flex-
ible substrate 110 may be formed of plastic such as poly-
imide, but is not limited thereto.

[0037] The flexible substrate 110 includes a display
area DA, a bezel area ZA surrounding the display area
DA, and a pad area PA extended from one side of the
bezel area ZA.

[0038] The display area DA is an area where animage
is displayed on the display device 100. Therefore, the
display element 140 and various driving elements for
driving the display element 140 are disposed in the dis-
play area DA. For convenience in explanation, FIG. 2
illustrates only the driving thin film transistor 130 among
various driving elements, but the present disclosure is
not limited thereto.

[0039] The bezel area ZA is an area where an image
is not displayed on the display device 100 and a wiring
or circuit part is formed.

[0040] The pad area PAis an area where an image is
not displayed and a plurality of pad electrodes 139 is
formed. Herein, the pad area PA is an area where the
pad electrodes 139 are bonded to external modules, for
example, such as an FPCB (flexible printed circuitboard),
a COF (chip on film), and the like. The external modules
such as an FPCB will be described later in detail with
reference to FIG. 11. The pad area PA may also be po-
sitioned on one side of the bezel area ZA as illustrated
in FIG. 1.

[0041] The flexible substrate 110 includes a bending
area BA and a non-bending area NBA.

[0042] The bending area BA may be defined on a cen-
tral portion of the display device 100. The non-bending
area NBA may be defined on both sides of the bending
area BA. Therefore, the flexible substrate 110 may in-
clude two non-bending areas NBA. Herein, the bending
area BA is overlapped with a part of the display area DA
and a part of the bezel area ZA. The non-bending area
NBA is overlapped with a part of the display area DA, a
part of the bezel area ZA, and the pad area PA.

[0043] The display device 100 is configured such that
the bending area BA is bent. That is, the display device
100 may be configured such that the non-bending area
NBA of the flexible substrate 110 can be maintained in
a flat state without being bent. Further, the bending area
BA of the flexible substrate 110 can be bent. Accordingly,
the display device 100 may be bent such that two non-
bending areas NBA of the flexible substrate 110 can face
each other.

[0044] The thin film transistor 130 is disposed in the
display area DA on the flexible substrate 110. The thin
film transistor 130 includes an active layer 131, a gate
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electrode 132, a source electrode 133, and a drain elec-
trode 134.

[0045] A buffer layer 111 is disposed on the flexible
substrate 110. The buffer layer 111 may be formed of an
inorganic material, for example, such as silicon nitride
(SiNx) or silicon oxide (SiOx) and may include a single
layer or a plurality of layers.

[0046] The active layer 131 is disposed on the buffer
layer 111. A channel of the thin film transistor 130 is
formed in the active layer 131. The active layer 131 may
be formed on the buffer layer 111, and if the buffer layer
111 is not used, the active layer 131 may be formed di-
rectly on the flexible substrate 110.

[0047] A gate insulating layer 112 is disposed on the
active layer 131. The gate insulating layer 112 is formed
so as to insulate the active layer 131 and the gate elec-
trode 132. The gate insulating layer 112 is formed of an
inorganic material, for example, such as silicon nitride
(SiNx) or silicon oxide (SiOx) and may include a single
layer or a plurality of layers.

[0048] The gate electrode 132 is disposed on the gate
insulating layer 112. An insulating interlayer 113 is dis-
posed on the buffer layer 111. The insulating interlayer
113 may be formed in the display area DA. The insulating
interlayer 113 includes a contact hole. The active layer
131 is electrically connected with the source electrode
133 and the drain electrode 134 through the contact hole.
The insulating interlayer 113 may be formed of an inor-
ganic material, for example, 1 such as silicon nitride
(SiNx) or silicon oxide (SiOx) and may include a single
layer or a plurality of layers.

[0049] The source electrode 133 and the drain elec-
trode 134 are disposed on the insulating interlayer 113.
Each of the source electrode 133 and the drain electrode
134 is electrically connected with the active layer 131
through the contact hole. For convenience in explanation,
FIG. 2 illustrates that the thin film transistor 130 has a
coplanar structure, but is not limited thereto.

[0050] An overcoat layer 114 is disposed on the thin
film transistor 130. The overcoatlayer 114 is aninsulating
layer configured to flatten an upper part of the thin film
transistor 130. The overcoat layer 114 may be formed in
the display area DA.

[0051] The display element 140 is disposed on the
overcoat layer 114. The display element 140 is disposed
in the display area DA and electrically connected with
the thin film transistor 130. The display element 140 is
disposed in the bending area BA and the non-bending
area NBA. In this case, if the display device 100 is bent,
a part of the display element 140 disposed in the bending
area BAis also bent. Therefore, the display element 140
may be formed of a flexible material. The display element
140 may be, for example, an organic light emitting display
element. In the following description, the display element
140 will be assumed as an organic light emitting display
element, but is not limited thereto.

[0052] The display element 140 as an organic light
emitting display element includes an anode 141, an or-
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ganic light emitting layer 142, and a cathode 143.
[0053] The anode 141 is electrically connected with
the thin film transistor 130. The anode 141 may be formed
of a conductive material having a high work function in
order to supply a hole to the organic light emitting layer
142. If the display device 100 is a top-emission organic
light emitting display device, the anode 141 may include
a reflective layer and a transparent conductive layer dis-
posed on the reflective layer. The reflective layer may be
formed of a metal material having an excellent reflectivity
and the transparent conductive layer may be formed of
a conductive material having a high work function. If the
display device 100 is a bottom-emission organic light
emitting display device, the anode 141 may include a
transparent conductive layer only.

[0054] The organic light emitting layer 142 may be any
one of a red organic light emitting layer, a green organic
light emitting layer, a blue organic light emitting layer,
and a white organic light emitting layer. Further, if the
organic light emitting layer 142 is a white organic light
emitting layer, a color filter may be included in the display
device 100.

[0055] Thecathode 143isdisposed onthe organic light
emitting layer 142. The cathode 143 may be formed of a
conductive layer having a low work function in order to
supply an electron to the organic light emitting layer 142.
The cathode 143 may be formed of, for example, trans-
parent conductive oxide. Herein, the organic light emit-
ting layer 142 may further include a metal doping layer.
[0056] An encapsulation layer 116 is disposed on the
display element 140. The encapsulation layer 116 is con-
figured to protect the display element 140 against shocks,
moisture, oxygen, and the like from the outside. The en-
capsulation layer 116 may be formed of an inorganic ma-
terial, for example, such as silicon nitride (SiNx) or silicon
oxide (SiOx) and may include a single layer or a plurality
of layers.

[0057] A first inorganic layer 181 is disposed on the
flexible substrate 110. Herein, the first inorganic layer
181 is disposed in the bezel area ZA on the flexible sub-
strate 110. The first inorganic layer 181 may be formed
of the same material at the same time as any one of
various inorganic layers formed in the display area DA.
The first inorganic layer 181 may be formed by, for ex-
ample, forming a buffer layer material on the flexible sub-
strate 110 and then patterning the buffer layer material.
Thus, the first inorganic layer 181 may be formed of the
same material at the same time as the buffer layer 111,
but is not limited thereto. The first inorganic layer 181
may be formed of the same material at the same time as
the gate insulating layer 112 or the insulating interlayer
113. The first inorganic layer 181 may be omitted.
[0058] Referring to FIG. 1 and FIG. 2, the display de-
vice 100 includes the bending sensor 120.

[0059] The bending sensor 120 may include a curved
unit 121, a wiring part 122, and a detection unit.

[0060] The curved unit 121 and the wiring part 122 of
the bending sensor 120 may be formed into wirings. The
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wiring part 122 of the bending sensor 120 may be con-
nected with the pad electrodes.

[0061] The curved unit 121 and the wiring part 122 of
the bending sensor 120 may be positioned on the flexible
substrate 110. Further, the detection unit of the bending
sensor 120 may be positioned on an external module
connected with the pad electrodes 139 or on the flexible
substrate 110. The external module will be described lat-
er in detail with reference to FIG. 11.

[0062] The curved unit 121 and the wiring part 122 of
the bending sensor 120 are formed on the first inorganic
layer 181 in the bezel area ZA. The curved unit 121 and
the wiring part 122 of the bending sensor 120 may be
formed of a conductive material. The curved unit 121 and
the wiring part 122 of the bending sensor 120 may be
formed of the same material as the conductive material
constituting the thin film transistor 130 or a conductive
material constituting the display element 140. For exam-
ple, the curved unit 121 and the wiring part 122 of the
bending sensor 120 may be formed of the same material
as the source electrode 133 and the drain electrode 134
of the thin film transistor 130. In this case, a conductive
material for forming the source electrode 133 and the
drain electrode 134 is disposed on the flexible substrate
110. Therefore, the curved unit 121 and the wiring part
122 of the bending sensor 120 may be formed at the
same time as the source electrode 133 and the drain
electrode 134 by patterning the disposed conductive ma-
terial, but is not limited thereto. The curved unit 121 and
the wiring part 122 of the bending sensor 120 may be
formed of the same material at the same time as any one
of the gate electrode 132 of the thin film transistor 130
and the anode 141 and the cathode 143 of the display
element 140. In the following description, for conven-
ience in explanation, the bending sensor 120 will be as-
sumed as being formed of the same material as the
source electrode 133 and the drain electrode 134 of the
thin film transistor 130.

[0063] Inthecurvedunit121,anelectricchange occurs
when the flexible substrate 110 is bent. The wiring part
122 is configured to connect the curved unit 121 and the
detection unit. Therefore, the electric change occurring
in the curved unit 121 may be transferred to the detection
unit via the wiring part 122. Accordingly, the detection
unit senses the electric change occurring in the curved
unit 121 and detects bending information. Herein, the
curved unit 121 may be positioned in the bending area
BA of the flexible substrate, and the wiring part 122 may
be positioned in the non-bending area NBA of the flexible
substrate. If the display device 100 is bent, the bending
area BA of the flexible substrate 110 is bent and the non-
bending area NBA is maintained in a flat state. Therefore,
the wiring part 122 disposed in the non-bending area
NBA is hardly applied with a stress caused by bending
the display device 100. In fact, most of the stress is fo-
cused on the curved unit 121 disposed in the bending
area BA. Therefore, when the bending area BA is bent,
the curved unit 121 is likely to be cracked. Accordingly,
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in the display device 100 according to an example em-
bodiment of the present disclosure, the curved unit 121
may have a shape (for example, a diamond shape) ca-
pable of avoiding cracks caused by an external force. As
an example, the curved unit may include two or more
electric wires having a plurality of diamond shape wires
connected to each other in a column, and the two or more
electric wires may be parallel to each other. Further, the
curved unit 121 may include wirings respectively extend-
ed in different directions. Therefore, when the bending
area BAis bent, a part of the curved unit 121 is extended
in a direction different from an extension direction of the
curved unit 121. Accordingly, a force applied during
bending is dispersed, and a stress applied to the curved
unit 121 is reduced. Therefore, the possibility of cracks
in the curved unit 121 can be reduced. The curved unit
121 may be formed into various shape wires in addition
to the diamond shape wire.

[0064] A second inorganic layer 182 is disposed so as
to cover the curved unit 121 and the wiring part 122 of
the bending sensor 120. The second inorganic layer 182
is formed in the bezel area ZA on the flexible substrate
110. The second inorganic layer 182 may be formed of
the same material at the same time as any one of various
inorganic layers formed in the display area DA. For ex-
ample, an encapsulation layer material is formed on the
flexible substrate 110 on which the display element 140
isformed. The second inorganiclayer 182 may be formed
of the same material at the same time as the encapsu-
lation layer 116 by patterning the encapsulation layer ma-
terial. In some example embodiments, the second inor-
ganic layer 182 may be omitted.

[0065] In the display device 100 according to an ex-
ample embodiment of the present disclosure, the curved
unit 121 and the wiring part 122 of the bending sensor
120 formed of a conductive material may be sealed by
the first inorganic layer 181 and the second inorganic
layer 182 formed of an inorganic material. Therefore, it
is possible to minimize damage to the curved unit 121
and the wiring part 122 of the bending sensor 120 caused
by moisture or oxygen.

[0066] Hereinafter, a principle of sensing a bending an-
gle of the display device 100 by using the bending sensor
120 will be described in more detail with reference to FIG.
3.

[0067] FIG. 3 is a circuit diagram provided to describe
a sensing principle of a bending sensor according to an
example embodiment of the present disclosure. In FIG.
3, the curved unit 121 of the bending sensor 120 is sche-
matically illustrated as a variable resistance.

[0068] Inorderto detect a bending angle of the display
device with the bending sensor 120, the bending sensor
120 is connected with a voltage source. Both ends of the
bending sensor 120 may be connected to the voltage
source, and a voltage V may be applied to the bending
sensor 120. Therefore, a current | flows in the bending
sensor 120. Herein, the detection unit of the bending sen-
sor 120 measures a value of the current | applied to the
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curved unit 121 of the bending sensor 120 and calculates
a resistance value of the curved unit 121 of the bending
sensor 120.

[0069] The curved unit 121 of the bending sensor 120
serves as a variable resistance. Therefore, the resistance
value of the curved unit 121 of the bending sensor 120
may vary depending on a bending angle of the display
device. For example, if the display device is bent inward-
ly, i.e. the display device is bent such that both ends of
a top surface of the display device can face each other,
the curved unit 121 of the bending sensor 120 is applied
with a compressive force. Therefore, the resistance value
of the curved unit 121 of the bending sensor 120 is de-
creased. Accordingly, the current value applied to the
curved unit 121 of the bending sensor 120 is increased.
The detection unit of the bending sensor 120 senses an
increase of a current value occurring in the curved unit
121 of the bending sensor 120. Therefore, the detection
unit of the bending sensor 120 can calculate the de-
creased resistance value of the curved unit 121 of the
bending sensor 120. The detection unit of the bending
sensor 120 calculates a bending direction and a bending
angle of the display device by comparing the decreased
resistance value with a resistance value depending on a
bending direction and a bending angle stored in a mem-
ory of the detection unit. Further, for example, if the dis-
play device is bent outwardly, i.e. the display device is
bentsuch thatboth ends of a bottom surface of the display
device can face each other, the curved unit 121 of the
bending sensor 120 is applied with a tensile force. There-
fore, the resistance value of the curved unit 121 of the
bending sensor 120 is increased. Accordingly, the cur-
rent value applied to the curved unit 121 of the bending
sensor 120 is decreased.

[0070] The detection unit of the bending sensor 120
senses a decrease of a current value occurring in the
curved unit 121 of the bending sensor 120. Therefore,
the detection unit of the bending sensor 120 can calculate
the increased resistance value of the curved unit 121 of
the bending sensor 120. The detection unitof the bending
sensor 120 calculates a bending direction and a bending
angle of the display device by comparing the increased
resistance value with a resistance value depending on a
bending direction and a bending angle stored in the mem-
ory of the detection unit. Herein, a resistance value of
the curved unit 121 of the bending sensor 120 depending
on a bending direction and a bending angle of the display
device may be stored in the memory. For example, the
memory may store the resistance value of the curved
unit 121 of the bending sensor 120 depending on the
bending direction and the bending angle when the display
device is bent inwardly and the resistance value of the
curved unit 121 of the bending sensor 120 depending on
the bending direction and the bending angle when the
display device is bent outwardly. That is, the detection
unit senses the electric change occurring in the curved
unit 121 of the bending sensor 120 during bending of the
display device and compares the sensed electric change
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with an electric change depending on a bending direction
and a bending angle stored in the memory. Therefore,
the detection unit can calculate a bending direction and
a bending angle of the display device. In this case, the
electric change may include other electric change values
such as a current value or a voltage value in addition to
a resistance value. The detection unit may be disposed
on the flexible substrate or may be disposed in the form
of FPCB or COF.

[0071] In the display device 100 according to an ex-
ample embodiment of the present disclosure, the curved
unit 121 and the wiring part 122 of the bending sensor
120 are formed of the conductive material constituting
the thin film transistor 130 or the conductive material con-
stituting the display element 140. Further, the curved unit
121 and the wiring part 122 of the bending sensor 120
may be formed at the same time as constituent elements
of the thin film transistor 130 or constituent elements of
the display device 140 which are formed of the same
material. Therefore, an additional process for forming the
curved unit 121 and the wiring part 122 of the bending
sensor 120 is not needed. Therefore, since the curved
unit 121 and the wiring part 122 of the bending sensor
120 can be manufactured during a manufacturing proc-
ess of the thin film transistor 130 or a manufacturing proc-
ess of the display element 140, no additional process
cost is incurred and a manufacturing time is not in-
creased.

[0072] Further, the curved unit 121 and the wiring part
122 of the bending sensor 120 is formed as being inte-
grated with the display device 100. Furthermore, when
the bending sensor 120 is added, thickness of the display
device 100 is not increased. That is, since the curved
unit 121 and the wiring part 122 of the bending sensor
120 can be formed into wirings in the bezel area ZA, even
if the bending sensor 120 is integrated with the display
device 100, it is possible to manufacture the slim display
device 100.

[0073] In some example embodiments, the flexible
substrate 110 may include at least two non-bending ar-
eas NBA and a bending area BA between the non-bend-
ing areas NBA. That is, there may be two non-bending
areas NBA as illustrated in FIG. 1, or three non-bending
areas NBA and two bending areas BA each disposed
between the non-bending areas NBA. Otherwise, there
may be four non-bending areas NBA.

[0074] A temperature sensor configured to sense a
temperature of the bending sensor 120 may be disposed
in the flexible substrate 110. If the curved unit 121 of the
bending sensor 120 is formed of a conductive material
such as a metal material, a resistance value of the curved
unit 121 of the bending sensor 120 may vary depending
on a temperature. If the temperature is increased, the
resistance value of the curved unit 121 of the bending
sensor 120 is increased, and if the temperature is de-
creased, the resistance value of the curved unit 121 of
the bending sensor 120 is decreased. Therefore, al-
though the display device 100 is actually not bent, the
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resistance value of the curved unit 121 of the bending
sensor 120 may be changed as the temperature is
changed. Thus, a process may wrongly determine that
the display device 100 is bent. Therefore, the tempera-
ture sensor may be disposed in the flexible substrate
110. In addition, the memory of the detection unit may
store a resistance value of the curved unit 121 of the
bending sensor 120 depending on a bending direction
and a bending angle at each temperature of the display
device 100. Therefore, the detection unit may detect a
bending angle of the display device 100 on the basis of
a temperature value measured by the temperature sen-
sor and a resistance value of the curved unit 121 of the
bending sensor 120 depending on a bending direction
and a bending angle stored in the memory.

[0075] FIG. 4is a plan view provided to describe a dis-
play device according to another example embodiment
of the present disclosure.

[0076] A display device 200 illustrated in FIG. 4 is sub-
stantially the same as the display device 100 illustrated
in FIG. 1 and FIG. 2 except that a structure of a curved
unit 221 of a bending sensor 220 is changed, and, thus,
redundant explanation thereof will be omitted.

[0077] The bending sensor 220 includes the curved
unit 221 disposed in the bending area BA and a wiring
part 222 disposed in the non-bending area NBA. Herein,
if the display device 200 is bent, only the bending area
BA is bent but the non-bending area NBA is maintained
in a flat state. Therefore, the wiring part 222 disposed in
the non-bending area NBA is hardly applied with a stress
caused by bending the display device 200, and most of
the stress is focused on the curved unit 221 disposed in
the bending area BA. Therefore, when the bending area
BA is bent, the curved unit 221 is likely to be cracked.
Accordingly, in the display device 200 according to an-
other example embodiment of the present disclosure, the
curved unit 221 may have a shape (for example, a dia-
mond shape) capable of avoiding cracks caused by an
external force. For example, the curved unit may include
two or more wirings (electric wires) having a plurality of
diamond shape wires connected to each other in a col-
umn, and the two or more wirings (electric wires) may be
parallel to each other. Further, a diamond shape wire of
any one of the wirings may be disposed so as to cross a
diamond shape wire in an adjacent column in a zigzag
pattern. That is, toothed portions of the diamond shape
wires may be disposed so as to cross each other. Fur-
thermore, the curved unit 221 may include wirings re-
spectively extended in different directions. Therefore,
when the bending area BA is bent, a part of the curved
unit 221 is extended in a direction different from an ex-
tension direction of the curved unit 221. Accordingly, a
force applied during bending is dispersed, and a stress
applied to the curved unit 221 is reduced. Therefore, the
possibility of cracks in the curved unit 221 can be re-
duced. Further, since the curved units 221 each having
a diamond shape wire are formed so as to cross each
other in a zigzag pattern, it is possible to reduce a width
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of the bezel area ZA where the curved unit 221 and the
wiring part 222 of the bending sensor 220 are positioned,
as compared with the case where the curved units are
formed in parallel to each other. The curved unit 221 may
be formed into various shape wires in addition to the dia-
mond shape wire illustrated in FIG. 4.

[0078] FIG.5isa plan view provided to describe a dis-
play device according to yet another example embodi-
ment of the present disclosure.

[0079] Adisplay device 300 illustrated in FIG. 5 is sub-
stantially the same as the display device 100 illustrated
in FIG. 1 and FIG. 2 except that a structure of a curved
unit 321 of a bending sensor 320 is changed, and, thus,
redundant explanation thereof will be omitted.

[0080] The bending sensor 320 includes the curved
unit 321 disposed in the bending area BA and the wiring
part 322 disposed in the non-bending area NBA. Herein,
if the display device 300 is bent, only the bending area
BA is bent but the non-bending area NBA is maintained
in a flat state. Therefore, the wiring part 322 disposed in
the non-bending area NBA is hardly applied with a stress
caused by bending of the display device 300, and most
of the stress is focused on the curved unit 321 disposed
in the bending area BA. Therefore, when the bending
areaBAis bent, the curved unit 321 is likely to be cracked.
Accordingly, in the display device 300 according to yet
another example embodiment of the present disclosure,
the curved unit 321 may have a shape (for example, a
circular shape) capable of avoiding cracks caused by an
external force. As an example, the curved unit 321 may
include two or more electric wires having a plurality of
circular shape wires connected to each otherin a column,
and the two or more electric wires may be parallel to each
other. Further, the curved unit 321 may include wirings
respectively extended in different directions. Therefore,
when the bending area BA is bent, a part of the curved
unit 321 is extended in a direction different from an ex-
tension direction of the curved unit 321. Accordingly, a
force applied during bending is dispersed, and a stress
applied to the curved unit 321 is reduced. Therefore, the
possibility of cracks in the curved unit 321 can be re-
duced. Furthermore, when the bending area BA is bent,
a wiring of the curved unit 321 is not a straight line but a
curve, and, thus, the curved unit 321 can be easily ex-
tended. Accordingly, a stress applied to the curved unit
321 is reduced, and, thus, the possibility of cracks in the
curved unit 321 can be further reduced as compared with
the case of a straight line.

[0081] The curved unit 321 may be formed into various
shape wires in addition to the circular shape wire illus-
trated in FIG. 5.

[0082] FIG.6isa plan view provided to describe a dis-
play device according to still another example embodi-
ment of the present disclosure.

[0083] Adisplay device 400 illustrated in FIG. 6 is sub-
stantially the same as the display device 100 illustrated
in FIG. 1 and FIG. 2 except that sizes of the bending area
BA and the non-bending area NBA are changed and a
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structure of a curved unit 421 of a bending sensor 420
is changed, and, thus, redundant explanation thereof will
be omitted.

[0084] The flexible substrate 110 includes the bending
area BA and the non-bending area NBA. Further, the
flexible substrate 110 includes the display area DAwhere
a thin film transistor and a display element are disposed,
and the bezel area 2A is defined so as to surround the
display area DA. The display area DA of the flexible sub-
strate 110 is defined within the bending area BA. That is,
the display area DA is not overlapped with the non-bend-
ing area NBA but is overlapped with the bending area
BA only. Accordingly, since the display element 140 is
also disposed in the bending area BA, the display ele-
ment 140 needs to be formed of a flexible material. Ac-
cordingly, the display element 140 may be an organic
light emitting display element.

[0085] In the display device 400 according to still an-
other example embodiment of the present disclosure, the
display area DA is disposed in the bending area BA only,
but notin the non-bending area NBA. That is, the display
area DA is overlapped with the entire bending area BA.
Therefore, the bending area BA in the display device 400
according to still another example embodiment of the
present disclosure is greater than a bending area BA
overlapped with a part of the display area DA. Accord-
ingly, the curved unit 421 of the bending sensor 420 dis-
posed in the bending area BA may be increased in
number. Therefore, since a change in a resistance value
of the curved unit 421 occurs in a greater area, the bend-
ing sensor 420 can detect a bending angle with more
accuracy.

[0086] FIG. 7 is a plan view provided to describe a dis-
play device according to still another example embodi-
ment of the present disclosure. A display device 500 il-
lustratedin FIG. 7 is substantially the same as the display
device 100 illustrated in FIG. 1 and FIG. 2 except that a
shape and a size of the display area DA is changed and
positions of a thin film transistor 530 and a display ele-
ment 540 are changed, and, thus, redundant explanation
thereof will be omitted.

[0087] As illustrated in FIG. 7, the flexible substrate
110 includes the bending area BA and two non-bending
areas NBA. Further, the flexible substrate 110 includes
two display areas DA where the thin film transistor 530
and the display element 540 are disposed, and the bezel
area ZA is defined so as to surround the display areas
DA. The display areas DA of the flexible substrate 110
are respectively defined within the non-bending areas
NBA. Therefore, the bending area BA includes a part of
the bezel area ZA but does not include the display areas
DA. Thatis, the display areas DA are not overlapped with
the bending area BA but overlapped with only a part of
the non-bending area NBA. Therefore, since the display
element 540 is not disposed in the bending area BA, the
display element 540 may not be formed of a flexible ma-
terial. Accordingly, the display element 540 may be one
of other display elements such as an organiclightemitting
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display element and a liquid crystal display element.
[0088] In the display device 500 according to still an-
other example embodiment of the present disclosure, the
display areas DA are disposed in the non-bending area
NBA, but not in the bending area BA. Accordingly, the
display element 540 may not be formed of a flexible ma-
terial. Therefore, as the display device 500 according to
still another example embodiment of the present disclo-
sure, various display elements such as an organic light
emitting display element and a liquid crystal display ele-
ment can be applied. Further, in the display device 500
according to still another example embodiment of the
present disclosure, since a plurality of display areas DA
is defined, a plurality of display elements 540 is disposed
on the flexible substrate 110. Therefore, it is possible to
provide a plurality of display screens to a user.

[0089] FIG. 8isa plan view provided to describe a dis-
play device according to still another example embodi-
ment of the present disclosure. FIG. Qis a cross-sectional
view taken along a line IX-IX’ of FIG. 8 and provided to
describe the display device according to still another ex-
ample embodiment of the present disclosure. A display
device 600 illustrated in FIG. 8 and FIG. 9 is substantially
the same as the display device 100 illustrated in FIG. 1
and FIG. 2 except that a structure of a bending sensor
620 is changed and a first insulating layer 671 and a
second insulating layer 672 are added, and, thus, redun-
dant explanation thereof will be omitted.

[0090] As illustrated in FIG. 8 and FIG. 9, the bending
sensor 620 includes a first curved unit 621, a second
curved unit 631, a first wiring part 622, and a second
wiring part 632. The first curved unit 621 and the second
curved unit 622 are formed on the first inorganic layer
181. The second inorganic layer 182 is disposed so as
to cover the first curved unit 621 and the first wiring part
622. The first curved unit 621 and the first wiring part 622
are substantially the same as the curved unit 121 and
the wiring part 122 of the bending sensor 120 illustrated
in FIG. 1 and FIG. 2, and, thus, redundant explanation
thereof will be omitted.

[0091] The firstinsulating layer 671 is disposed on the
first curved unit 621. The first insulating layer 671 may
be formed of, for example, heat-curable or UV-curable
resin, and specifically, acryl-based resin, epoxy-based
resin, and the like. The thickness of the first insulating
layer 671 is determined such that the first curved unit 621
and the second curved unit 631 can be positioned on
opposite sides of the neutral plane NP.

[0092] The second curved unit 631 is disposed on the
first insulating layer 671. That is, the first insulating layer
671 is disposed between the first curved unit 621 and
the second curved unit 631. For convenience in illustra-
tion, FIG. 8 illustrates that the first curved unit 621 is not
overlapped with the second curved unit 631. However,
the second curved unit 631 is disposed so as to be over-
lapped with the first curved unit 621 on the first insulating
layer 671 as illustrated in FIG. 9. The second curved unit
631 may be formed of the same material as the conduc-
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tive material constituting the thin film transistor 130 or
the conductive material constituting the display element
140. The second curved unit 631 may be disposed in the
bending area BA and formed into a shape of the curved
unit 121 illustrated in FIG. 1.

[0093] The second insulating layer 672 is disposed on
the second curved unit 631. The second insulating layer
672 may be formed of, for example, heat-curable or UV-
curable resin, and specifically, acryl-based resin, epoxy-
based resin, and the like. Further, the second insulating
layer 672 may be formed of the same material as the first
insulating layer 671. The thickness of the second insu-
lating layer 672 is determined such that the first curved
unit 621 and the second curved unit 631 can be posi-
tioned on opposite sides of the neutral plane NP.
[0094] As illustrated in FIG. 9, the first curved unit 621
is disposed under the neutral plane NP, and the second
curved unit 631 is disposed on the neutral plane NP.
Herein, the neutral plane NP refers to a virtual plane
which is not applied with a stress since a compressive
force and a tensile force cancel each other when the dis-
play device 600 is bentinwardly or outwardly. The neutral
plane NP is determined considering thickness, Young's
Modulus, and a material of the elements of the display
device 600 disposed in the bezel area ZA. A position of
the neutral plane NP may be changed due to another
element present on or under the neutral plane. Therefore,
in order to adjust a position of the neutral plane NP, a
material and a structure which can minimize an influence
on the neutral plane may be used for another element
presentonorunder adesired position of the neutral plane
NP. Otherwise, a position of the neutral plane NP may
be adjusted to a desired position by changing thickness
and a structure of another element present on or under
the desired position of the neutral plane NP. In the display
device 600 according to still another example embodi-
ment of the present disclosure, the first insulating layer
671 and the second insulating layer 672 are used. Ac-
cordingly, the first curved unit 621 and the second curved
unit 631 are positioned on opposite sides of the neutral
plane NP.

[0095] As illustrated in FIG. 9, the first curved unit 621
is disposed under the neutral plane NP, and the second
curved unit 631 is disposed on the neutral plane NP.
Therefore, when the display device 600 is bent, one of
the first curved unit 621 and the second curved unit 631
may be applied with a tensile force and the other one
may be applied with a compressive force. Therefore, the
display device 600 according to still another example em-
bodiment of the present disclosure uses a plurality of
curved units 621 and 631 and is configured such that one
of the curved units is applied with a compressive force
and the other one is applied with a tensile force. Thus, it
is possible to detect a bending angle of the display device
600 with more accuracy.

[0096] The bending sensor 620 may include three or
more curved units. That is, the bending sensor 620 may
include a third curved unit formed on the second curved
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unit 631 in addition to the first curve part 621 and the
second curved unit 631. Further, the bending sensor 620
may further include curved units. Accordingly, accuracy
in detection of a bending angle of the display device 600
can be improved.

[0097] A stress applied to the first curved unit 621 and
the second curved unit 631 will be described in more
detail with reference to FIG. 10.

[0098] FIG. 10 is a table provided to describe an op-
eration principle of a bending sensor of a display device
according to still another example embodiment of the
present disclosure. For convenience in explanation, FIG.
10 illustrates that any supporting member is disposed
between the first curved unit 621 and the second curved
unit 631. Inward bending refers to a case where the sup-
porting member is bent such that both ends of the sup-
porting member are raised and a central portion of the
supporting member is lowered. Outward bending refers
to a case where the supporting member is bent such that
the both ends of the supporting member are lowered and
the central portion of the supporting member is raised.
[0099] Asillustrated in FIG. 10, if the supporting mem-
ber is bent inwardly, the first curved unit 621 disposed
under the supporting member is lengthened. Therefore,
the first curved unit 621 is applied with a tensile force.
Further, if the supporting member is bent inwardly, the
second curved unit631 disposed on the supporting mem-
ber is compressed. Therefore, the second curved unit
631 is applied with a compressive force. Accordingly, dur-
ing inward bending, the first curved unit 621 is applied
with a tensile force and its resistance is increased, and
the second curved unit 631 is applied with a compressive
force and its resistance is decreased.

[0100] Further, as illustrated in FIG. 10, if the support-
ing member is bent outwardly, the first curved unit 621
disposed under the supporting member is compressed.
Therefore, the first curved unit 621 is applied with a com-
pressive force. Further, if the supporting member is bent
inwardly, the second curved unit 631 disposed on the
supporting memberis lengthened. Therefore, the second
curved unit 631 is applied with a tensile force. Accord-
ingly, during outward bending, the first curved unit 621
is applied with a compressive force and its resistance is
decreased, and the second curved unit 631 is applied
with a tensile force and its resistance is increased.
[0101] Depending on a bending direction, one of the
first curved unit 621 and the second curved unit 631 is
applied with a tensile force and its resistance is increased
and the other one is applied with a compressive force
and its resistance is decreased. Accordingly, a bending
angle of the display device 600 can be detected. To be
specific, a resistance value of the first curved unit 621
and a resistance value of the second curved unit 631
depending on a bending direction and a bending angle
of the display device 600 may be stored in the memory
of the detection unit. The detection unit may calculate a
resistance value of the first curved unit 621 by using a
voltage value applied to the first curved unit 621 and a
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current value applied to the first curved unit 621. Further,
the detection unit may calculate a resistance value of the
second curved unit 631 by using a voltage value applied
to the second curved unit 631 and a current value applied
to the second curved unit 631. The detection unit may
detect a bending angle of the display device 600 by com-
paring the calculated resistance value of the first curved
unit 621 and the calculated resistance value of the sec-
ond curved unit 631 with a resistance value of the first
curved unit 621 and a resistance value of the second
curved unit 631 depending on a bending direction and a
bending angle stored in the memory of the detection unit.
[0102] FIG. 11 is a cross-sectional view provided to
describe a display device according to still another ex-
ample embodiment of the present disclosure. A display
device 700 illustrated in FIG. 11 is substantially the same
as the display device 600 illustrated in FIG. 8 and FIG.
9 except that an FPCB 790 and a resin layer 717 are
added, and, thus, redundant explanation thereof will be
omitted.

[0103] AsillustratedinFIG. 11,the FPCB 790 is a print-
ed circuit board having flexibility. A control unit such as
an IC chip or a circuit unit may be mounted on the FPCB
790. Further, the above-described detection unit may be
mounted on the FPCB 790. The FPCB 790 is configured
to transfer a signal for driving the display element 140
fromthe controlunit to the display element 140 and mount
the detection unit for detecting a bending angle of the
display device 700.

[0104] The FPCB 790 is bonded on the pad electrode
139 of the pad area PA. To be specific, the FPCB 790 is
bonded to the pad electrode 139 such that a connection
electrode 791 of the FPCB 790 can be electrically con-
nected with the pad electrode 139.

[0105] The resin layer 717 is disposed on the flexible
substrate 110 so as to cover an end of the FPCB 790.
The resin layer 717 is configured to protect and fix the
FPCB 790.

[0106] The resin layer 717 may be formed of an insu-
lating material. The resin layer 717 may be formed of, for
example, heat-curable or UV-curable resin, and specifi-
cally, acryl-based resin, epoxy-based resin, and the like.
[0107] The first insulating layer 671 may be formed of
the same material as the resin layer 717. That is, the first
insulating layer 671 and the resin layer 717 may be
formed at the same time by using the same material. For
example, acryl-based resin or epoxy-based resin is coat-
ed onthe bezel area ZA and the pad area PA at the same
time, and the resin is cured by using heat or UV. Accord-
ingly, the firstinsulating layer 671 and the resin layer 717
can be formed at the same time. In this case, the first
insulating layer 671 and the resin layer 717 may have
the same thickness.

[0108] Otherwise, instead of the first insulating layer
671, the second insulating layer 672 may be formed of
the same material as the resin layer 717. Alternatively,
all of the first insulating layer 671 and the second insu-
lating layer 672 may be formed of the same material as
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the resin layer 717. In this case, one of the first insulating
layer 671 and the second insulating layer 672 may be
formed at the same time as the resin layer 717.

[0109] FIG. 12 is a plan view provided to describe a
display device according to still another example embod-
iment of the present disclosure. FIG. 13 is a cross-sec-
tional view taken along a line XIII-XIII' of FIG. 12 and
provided to describe the display device according to still
another example embodiment of the present disclosure.
A display device 800 illustrated in FIG. 12 and FIG. 13
is substantially the same as the display device 600 illus-
trated in FIG. 8 and FIG. 9 except that only a flexible
substrate 810, a second bending sensor 820, a first in-
sulating layer 871, and a second insulating layer 872 are
changed, and, thus, redundant explanation thereof will
be omitted. For convenience in illustration, FIG. 13 illus-
trates that only the single thin film transistor 130 and the
single display element 140 are disposed in the display
area DA.

[0110] As illustrated in FIG. 12 and FIG. 13, the bezel
area ZA of the flexible substrate 810 includes afirst sens-
ing area SA1 and a second sensing area SA2. The first
sensing area SA1 is an area where the first curved unit
621 and the first wiring part 622 of a first bending sensor
620 are disposed, and is disposed on one side of the
display area DA. The second sensing area SA2 is an
areawhere a second curved unit 821 and a second wiring
part 822 of the second bending sensor 820 are disposed,
and is disposed on the opposite side facing the one side
of the display area DA. For example, the first sensing
area SA1 is adjacent to a left side of the display area DA
and the second sensing area SA2 is adjacent to a right
side of the display area DA.

[0111] Thefirstcurved unit 621 of the first bending sen-
sor 620 is disposed in the first sensing area SA1. The
first insulating layer 871 is disposed on the first curved
unit 621 in the first sensing area SA1. The thickness D1
of the first insulating layer 871 is determined such that
the first curved unit 621 is disposed on a first neutral
plane NP1 in the first sensing area SA1. Further, if it is
difficult to dispose the curved unit 621 of the first bending
sensor 620 on the first neutral plane NP1 just by adjusting
the thickness D1 of the firstinsulating layer 871, the thick-
ness of the flexible substrate 810 may be adjusted.
[0112] The secondcurvedunit821 ofthe second bend-
ing sensor 820 is disposed in the second sensing area
SA2. The second insulating layer 872 is disposed on the
second curved unit 821 in the second sensing area SA2.
The first curved unit 621 and the second curved unit 821
are disposed on the flexible substrate 810. Herein, the
thickness of the first inorganic layer 181 disposed on the
flexible substrate 810 and under the first curved unit 621
may be the same as the thickness of the first inorganic
layer 181 disposed on the flexible substrate 810 and un-
der the second curved unit 821. Therefore, the first
curved unit 621 may be positioned at the same height at
the second curved unit 821. Further, the first curved unit
621 and the second curved unit 821 may be positioned
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on the same layer. The thickness D2 of the second insu-
lating layer 872 is determined such that the second
curved unit821 can be positioned under a second neutral
plane NP in the second sensing area SA2. That is, the
thickness D2 of the second insulating layer 872 may be
greater than the thickness D1 of the first insulating layer
871 in order to dispose the first curved unit 621 on the
first neutral plane NP1 and the second curbed part 821
under the second neutral plane NP2. Further, the first
bending sensor 620 and the second bending sensor 820
may be formed of the same conductive material at the
same time.

[0113] In the display device 800 according to still an-
other example embodiment of the present disclosure, the
first bending sensor 620 and the second bending sensor
820 are disposed on the same layer and may be formed
of the same material. Further, the first bending sensor
620 and the second bending sensor 820 may be formed
of the same material as the conductive material consti-
tuting the thin film transistor 130 or the conductive ma-
terial constituting the display element 140 which are dis-
posed in the display area DA. Therefore, an additional
process for forming the first bending sensor 620 and the
second bending sensor 820 is not needed. Furthermore,
the first bending sensor 620 is disposed on the first neu-
tral plane NP1 and the second bending sensor 820 is
disposed under the second neutral plane NP2. There-
fore, during bending of the display device 800, one of the
first bending sensor 620 and the second bending sensor
820 is applied with a compressive force and the other
one is applied with a tensile force. Thus, it is possible to
detect a bending angle of the display device 800 with
more accuracy.

[0114] Further, the thickness D1 of the first insulating
layer 871 may be greater than the thickness D2 of the
secondinsulating layer 872. Herein, the first bending sen-
sor 620 may be disposed under the first neutral plane
NP1 in thefirst sensingarea SA1 and the second bending
sensor 820 may be disposed on the second neutral plane
NP2 in the second sensing area SA2.

[0115] FIG. 14 is a cross-sectional view provided to
describe a display device according to still another ex-
ample embodiment of the present disclosure. A display
device 900 illustrated in FIG. 14 is substantially the same
as the display device 600 illustrated in FIG. 8 and FIG.
9 except that positions of a second bending sensor, a
first insulating layer 971, and a second insulating layer
972 are changed, and, thus, redundant explanation
thereof will be omitted. For convenience in illustration,
FIG.14 illustrates that only the single thin film transistor
130 and the single display element 140 are disposed in
the display area DA.

[0116] As illustrated in FIG. 14, the flexible substrate
110 includes the first sensing area SA1 and the second
sensing area SA2. The first sensing area SA1 is an area
where the first curved unit 621 of the first bending sensor
is disposed, and is positioned on one side of the display
area DA. The second sensing area SA2 is an area where
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a second curved unit 921 of the second bending sensor
is disposed, and is positioned on the opposite side facing
the one side of the display area DA. For example, the
first sensing area SA1 is adjacent to a left side of the
display area DA and the second sensing area SA2 is
adjacent to a right side of the display area DA.

[0117] The first curved unit 621 and the first insulating
layer 971 are disposed in the first sensing area SA1. The
first curved unit 621 is disposed on the flexible substrate
110inthefirstsensing area SA1. Thefirstinsulating layer
971 is disposed in the first sensing area SA1 so as to
cover the first curved unit 621. The thickness of the first
insulating layer 971 is determined such that the first
curved unit 621 can be disposed under the first neutral
plane NP1 in the first sensing area SA1.

[0118] Thefirstinsulating layer 971, the second curved
unit 921, and the second insulating layer 972 are dis-
posed in the second sensing area SA2. The first insulat-
ing layer 971 is disposed on the flexible substrate 110 in
the second sensing area SA2. The second curved unit
921 is disposed on the first insulating layer 971. The sec-
ond insulating layer 972 is disposed on the first insulating
layer 971 so as to cover a second bending sensor. The
thickness of the second insulating layer 972 is deter-
mined such that the second curved unit 921 can be dis-
posed on the second neutral plane NP2 in the second
sensing area SA2.

[0119] In the display device 900 according to still an-
other example embodiment of the present disclosure, the
first curved unit 621 is disposed under the first neutral
NP1 and the second curved unit 921 is disposed on the
second neutral plane NP2. Therefore, during bending of
the display device 900, one of the first curved unit 621
and the second curved unit 921 is applied with a com-
pressive force and the other one is applied with a tensile
force. Thus, it is possible to detect a bending angle of
the display device 900 with more accuracy.

[0120] According to example embodiments of the
present disclosure, it is possible to calculate a bending
direction and a bending angle by using a bending sensor
including a curved unit where an electric change occurs
and a detection unit configured to sense the electric
change and detect bending information.

[0121] Further, according to an example embodiment
of the present disclosure, since a bending sensor which
can be formed at the same time when a thin film transistor
or a display element is formed is included, it is possible
to manufacture the bending sensor without additional
cost.

[0122] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
display device comprising a bending sensor of the
present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations
of this invention provided they come within the scope of
the appended claims and their equivalents.
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Claims sulating layer (671).

1. A display device (100), comprising: 8. Thedisplay device (800) according to claim 6, further

comprising:

a flexible substrate (110) including a display ar- %
ea (DA) and a bezel area (ZA) surrounding the a firstinsulating layer (87 1) disposed on the first
display area (DA); and curved unit (621); and
a bending sensor (120) including a curved unit a second insulating layer (872) disposed on the
(121) disposed in the bezel area (ZA) and in second curved unit (821) and having thickness
which an electric change occurs when the flex- 70 (D2) different from that (D1) of the first insulating
ible substrate (110) is bent, and a detection unit layer (671),
configured to detect bending information by wherein the first curved unit (621) is disposed
sensing the electric change. on one side of the flexible substrate (810) and
the second curved unit (821) is disposed on the
The display device (100) according to claim 1, 15 opposite side facing the one side, and the first
wherein the curved unit (121) includes wirings re- curved unit (621) and the second curved unit
spectively extended in different directions in order to (821) are on the same layer.
disperse a force applied during bending.
9. Thedisplaydevice (900) according to claim 6, further
The display device (100) according to claim 2, 20 comprising:
wherein the curved unit (121) includes two or more
electric wires having a plurality of diamond shape afirstinsulating layer (971) disposed onone side
wires connected to each other in a column, and the of the flexible substrate (110) and on the oppo-
two or more electric wires are parallel to each other. site side facing the one side, disposed on the
25 first curved unit (621), and disposed under the
The display device (100) according to claim 3, second curved unit (921); and
wherein the two or more electric wires are disposed a second insulating layer (972) disposed on the
such that the diamond shape wires cross each other second curved unit (921),
in a zigzag pattern. wherein the first curved unit (621) is disposed
30 on one side of the flexible substrate (110) and
The display device (100) according to claim 2, the second curved unit (921) is disposed on the
wherein the curved unit (121) includes two or more opposite side facing the one side, and the first
electric wires having a plurality of circular shape curved unit (621) and the second curved unit
wires connected to each other in a column, and the (921) are on different layers.
two or more electric wires are parallel to each other. 35
10. The display device (100) according to any one of
The display device (600) according to any one of claims 1 to 9, wherein the bending sensor (120) fur-
claims 1 to 5, wherein the curved unit includes a first ther includes a wiring part (122) connecting the
curved unit (621) disposed on one side of a neutral curved unit (121) and the detection unit, the curved
plane (NP) which is not applied with a stress during 40 unit (121) and the wiring part (122) are positioned
bending since a force is canceled, and a second on at least one side of the flexible substrate (110),
curved unit (631) disposed on the opposite side of the wiring part (122) is positioned in a non-bending
the neutral plane (NP), and area (NBA), and the curved unit (121) is positioned
one of the first curved unit (621) and the second in a bending area (BA).
curved unit (631) is configured to be applied witha 45
tensile force and the other is configured to be applied 11. The display device (100) according to claim 10,
with a compressive force when the curved unit is wherein the bending area (BA) includes both a part
bent. of the bezel area (ZA) and a part of the display area
(DA), or includes a part of the bezel area (ZA) but
The display device (600) according to claim 6, further 50 not the display area (DA).
comprising:
12. The display device (100) according to any one of
a first insulating layer (671) disposed between claims 1 to 11, wherein the detection unit is config-
the first curved unit (621) and the second curved ured to sense the electric change occurring in the
55

unit (631); and

a second insulating layer (672) disposed on the
second curved unit (631),

wherein the neutral plane (NP) is in the first in-

13

curved unit (121) during bending, compare the elec-
tric change with an electric change value depending
on a bending direction and a bending angle stored
in a memory, and calculate a bending direction and



25

a bending angle of the display device.
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